We describe numerical techniques that might be used as alternatives to heterodyning for the processing of ultra wideband radar data. Also discussed are techniques for the measurement of the central or "carrier" frequency of an ultra wideband signal waveform.
Introduction.
Let s(t) be a given real-valued signal waveform . We seek representat ions of the type s(t) = p(t) cos(&) -q(t) sin(wt) (1) where the functions p and q are presumed t o be slowly varying narrow band signals, and the frequency w is presumed to have a large value lying outside the spectral bands of p and q. The functions p and q are called the in-phase and guadralure Components of s , and w is called the carrzer frequency. These quantities are not uniquely defined because for any given data function s and for any value of w one can obtain a function pair p,q satisfying (1) by setting p(t) = s ( t ) cos(wt) + r(t) sin(wt) q(t) = -s ( t ) sin(wt) + r(t) cos(wt) } (2) where r=r(t) is any arbitrarily given function. Conversely, for any solution pair p,q satisfying (1) there is a unique function r for which p and q are given by ( 2 ) , v i z . ,
The function r will be called the auziliary function for the function pair (t,q), and the corresponding complex envelope" function z = z(t) is given by
In the sections below we shall discuss techniques for the conceptual definition and practical measurement of p,q, and w .
The Variational Approach.
The variational approach is based on the idea that a reasonable representation is one for which p and q have the smallest possible amount of functional T
I t c o r r e s p o n d s t o t h e c h o i c e r ( t ) = 3 6 s ( t ) , w h e r e
Jt d e n o t e s t h e H i l b e r t t r a n s f o r m [ 4 , 8 ] . I n t e r m s of F T ' s ,
(Gabor Solution) . (9) W i t h t h i s c h o i c e t h e c o m p l e x -v a l u e d f u n c t i o n
A ( t ) = s ( t ) + i r ( t ) is c a l l e d t h e a n a l u t i c h l o r pre-enveloue [ 4 , 8 ] . From ( 9 ) i t f o l l o w s t h a t a l l t h e e n e r g y of A ( t ) i s c o n t a i n e d i n t h e p o s i t i v e f r e q u e n c y d o m a i n ; t h e r e f o r e if s ( t ) is a n a r r o w b a n d w a v e f o r m w h o s e s p e c t r u m is c o n f i n e d t o t w o n a r r o w b a n d s c e n t e r e d a r o u n d t h e c e n t r a l f r e q u e n c i e s w = f w , , i t f o l l o w s t h a t t h e e n e r g y of t h e c o r r e s p o n d i n g ( o b t a i n e d by s e t t i n g w = w a i n ( 4 ) ) , w i l l h a v e i t s e n e r g y c o n f i n e d t o a n a r r o w b a n d c e n t e r e d a r o u n d t h e z e r o f r e q u e n c y . T h e m o s t common c h o i c e f o r t h e " c e n t r a l " o r " c a r r i e r " f r e q u e n c y i s t h e mean frequency G d e f i n e d b y e n v e 1 o p e f u n c t i o n z ( t ) = C P ( t > + is(t>l
A n o t h e r p o s s i b l e c h o i c e is t h e "mode" w m , w h i c h i s t h e p o s i t i v e f r e q u e n c y a t w h i c h t h e p o w e r s p e c t r u m I A ( v ) 1' a t t a i n s i t s p e a k
v a l u e . I n t h e g e n e r a l case o n e c a n n o t e x p e c t t h a t E , w m , a n d w v w i l l h a v e t h e s a m e v a l u e , as w i l l b e i l l u s t r a t e d b e l o w by e x a m p l e s .
4.
The D-Transform.
B o t h t h e v a r i a t i o n a l a n d G a b o r s o l u t i o n s r e q u i r e t h e u s e of a FT t o c a l c u l a t e ?(v) f r o m & ( Y ) , a n d a n i n v e r s e FT One t h e n o b t a i n s e x p r e s s i o n s f o r p ( t ) a n d q ( t ) i n t e r m s of s ( t ) , s ( t ) , a n d w . 
I t t u r n s o u t t h a t t h i s s o l u t i o n c o r r e s p o n d s t o t h e c h o i c e r ( t )

= -S ( t ) / w . (D-MethodSohtion) (11)
T h e v a l u e t o b e u s e d f o r w is o p t i o n a l , a n d as b e f o r e , t h e c o m p o n e n t s p ( t ) a n d q ( t ) are o b t a i n e d b y s u b s t i t u t i n g (11) i n t o ( 2 ) . H o w e v e r , if o n e k e e p s w v a r i a b l e a n d s u b s t i t u t e s (11) i n t o (2) a n d ( 5 ) , t h e n ' V ( p , q ) b e c o m e s a f u n c t i o n of w w h i c h i s m i n i m i z e d a t w = w d , w h e r e H e n c e t h e D -m e t h o d s u g g e s t s y e t a n o t h e r v a l u ei n a l l y , w e n o t e t h a t i n a p p l i c a t i o n s t o d i s c r e t e l y s a m p l e d d a t a {sn} = {~( n r ) ) , b e t t e r r
Comparisons.
S 
o l u t i o n s , s p e c i f i c a l l y t h e m u l t i p l i c a t i v e f a c t o r s of S ( v ) o c c u r r i n g i n (6) a n d ( 9 ) , s h o w t h a t t h e s e f a c t o r s d i f f e r b y l e s s t h a n 1 p e r c e n t when t h e s i g n a l p o w e r s p e c t r u m is c o n f i n e d
t o a b a n d w h o s e l e n g t h is 30% of a c e n t r a l f r e q u e n c y [SI. H e n c e f o r n a r r o w b a n d s i g n a l s s ( t ) , t h e V a r i a t i o n a l a n d G a b o r s o l u t i o n s are p r a c t i c a l l y i d e n t i c a l . . (14) 2 A s i n ( b t )
L e t t i n g r g n b d e n o t e t h e G a b o r s o l u t i o n f o r t h e a u x i l i a r y f u n c t i o n , i t t u r n s o u t t h a t
I t also t u r n s w = wa a n d a n d q : I : q,,, , --- 
I t c a n a l s o b e shown t h a t t h e v a r i a t i o n a l c o m p o n e n t s f o r a n y g i v e n w a v e f o i -m s ( t ) s a t i s f y t h e e q u a t i o n [5]
p ( t ) s i n w t + q ( t ) c o s w t = 0 .
H e n c e t h e v a r i a t i o n a l c o m p o n e n t s c a n n o t s a t i s f y e i t h e r p ( t ) 0 o r q ( t ) I 0 (as is t h e case f o r t h e G a b o r s o l u t i o n shown i n Another parameter of interest is the znstantaneous frequencv, which is defined to be the time-derivative of the argument of the analytic signal z(t) = s(t)+ir(t) [2] ; z.e., . 
l , i n t h e s e n s e t h a t t h e r a t i o of t h e q -e n e r g y t o t h e t o t a l e n e r g y of t h e e n v e l o p e f u n c t i o n w a s n e v e r
Doppler Distorted Radar Waveforms.
A computer simulation was undertaken to compare D -
Method results with those that would be obtained with a standard heterodyne receiver. The simulation was carried out f o r both point and extended targets, and the transmitted radar waveform was taken to be of the form (14). The simulation modelled the Doppler induced: (1) shift in carrier, (2) change of scale in the modulation function argument, and (3) the sinx/x range fading that occurs as the target motion carries the target outside the range gate. For wideband systems, this latter effect can be very significant. The power spectra of the envelope functions p+iq produced by the D-transform and heterodyne receiver were compared, and in all cases were found to be graphically identical (although there were small numerical differences of no practical importance.) The value for w used in the calculations was taken to be equal to wo (z.e., the radar LO frequency) since no practical advantage was found in the use of some other value, such as w v . (2. ) Empirical m. The power spectrum for a typical pulse is shown in Figure 2 . The spectra are sharply peaked, and the spectral spread U was generally on the order of 2 G H z , where Figure 3 shows a plot of ij and wv over the entire data set of 40,000 samples. There is one value of each for each pulse whose signal strength exceeded a certain threshold, which for the case shown was 175 pulses.
Although 'ij and wv were found to be in close agreement, the time histories of the variational and Gabor values for instantaneous frequency were found t o behave quite differently. 
